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Introduction
The mitotic spindle protein kinase family is home to complexes
that are active regulators of spindle formation cascades during mitosis.
Of the proteins, Haspin kinase has a unique structure allowing active site
binding without phosphorylation of the activation loop motif displayed
in Table 1 and Figure 1.1 Haspin kinase is inhibited by HBIS in
interphase, which is released after priming phosphorylation by CDK1,
followed by multisite phosphorylation of the N-terminal tail, thus
initiating Histone 3 (H3) T3 phosphorylation and downstream protection
of centromeric cohesion during chromosome condensation. 2,3 The
enzyme has an unusually negatively charged binding pocket allowing for
tight binding of H3. 4,5 It is theorized that the unique formation of a β-
sheet in the activation loop is responsible for the stabilization of Haspin
in an active conformation.
The mutation I698R was hypothesized to induce electrostatic
repulsion between itself and residue R695 to destabilize the activation
loop active conformation. Nucleotide binding was monitored through
intrinsic fluorescence at varying ADP concentrations. The binding
constants, Kd, for ADP for WT and I698R were determined by further
derivation of the fluorescence scans. Greater understanding of Haspin
kinase activation and regulation mechanisms may lead to a new class of
cancer drugs with increased specificity to limit unwanted protein




Figure 2. WT and I698R primer sequences with corresponding structural residues by X-Ray crystallography (PYMOL). I698R Haspin kinase mutation
was hypothesized to disrupt unique β-sheet formation in the activation loop by initiating electrostatic repulsion with the 695R.
Table 1. Unique Motifs of WT Haspin Kinase. 1







B Strand B Sheet
HRD (O) HRD HRD
P’ Activation Yes No
WT and I898R Haspin kinase were successfully expressed in BL21
DE3 RIL E.coli cells and purified in low concentrations ranging from 0.5
to 4 μM using a His tag with Ni-NTA affinity chromatography. Derivation
of intrinsic fluorescence spectroscopy data was fit to a nucleotide binding
curve and analyzed for each homologue’s dissociation constant. Results
from this nucleotide binding experiment correlate well with literature
values of H3 substrate binding and the Homologue AurA. As shown in
Figure 5b, Haspin has a largely negatively charged binding pocket
contributing to the weak binding demonstrated comparatively. The reverse
is true for H3 which has a positive binding site (Figure 5c) to bind tightly
Primer “5’ I698R” - GAA CGG GAT GGG CGT GTG GTT  -
Primer “3’ I698R” - ACA GAA AAC CAC ACG CCC ATC  -
Protein Sequence: ERDGRVV
Primer “5’ I698R” - GAA CGG GAT GGG ATT GTG GTT  -
Primer “3’ I698R” - ACA GAA AAC CAC ACG CCC ATC  -
Protein Sequence: ERDGIVV
Figure 4. Nucleotide binding curve for WT and I698R Haspin Kinase. WT and I698R binding
affinities to ADP follow near identical kinetic curves.
Figure 1. WT Haspin Kinase X-ray crystal structure and 





WT Haspin Km w/ 
H3 (μM)
AurA + Tpx2 Km
w/ ATP (μM)
80.92 ± 8.85 89.25 ± 9.29 0.7 ± 0.03 5 36 ± 3 6




Figure 5. a) Graph of WT and I698R binding affinities with 
comparative  values. b.) Electrostatic localization of WT Haspin
Kinase surface5. c.) Electrostatic localization of Histone 3 (H3) 
surface.
Figure 3. Example Fluorescence Spectra for ADP Assay (I698R, Trial 3). Intrinsic fluorescence of the tryptophan and
tyrosine residues of Haspin kinase were monitored after excitation at 275 nm at variable concentrations of ADP in triplicate.
The peaks emitted at 303.5 nm exhibited a uniform trend for further derivation.
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ADP Binding via 
Intrinsic Fluorescence 
Spectroscopy Rectangular Hyperbolic 
Fitting to Binding Curve
* WT 6His Haspin Plasmids from Dr. John 
Higgins of Newcastle University
Mutagenesis via PCR
* IPTG and Centrifugation
* 6Histidine tag and Ni-NTA affinity column 
chromatography. Characterization by Bradford 
and Guanidinium Protein Unfolding Assay
* Ex. 275 nm in PBS buffer. Done in 
triplicate.
Normalized data, displayed in Figure 3,
followed a uniform trend as ADP
increases from 0 μM - 1250 μM. The
fluorescence intensity peaks at 303.5 nm
were fit further to a rectangular
hyperbolic curve and normalized to a
percentage of nucleotide bound shown in
Figure 4. I698R Haspin, in orange, was
expected to exhibit slower nucleotide
kinetics and more gradual slope on the
binding curve. However, the nucleotide
binding curves of WT and I698R Haspin
kinase were near identical. In order for
fifty percent of WT Haspin (Kd) to bind
nucleotide, it required 80.92 ± 8.85 μM
ADP. Mutant I698R Haspin only
witnessed a small increase in Kd of
89 ± 9 μM.
A visual representation of the
desired mutation is shown in
Figure 2 by PYMOL imaging
of the crystal structures. Low
concentrations of WT and
I698R Haspin kinase witnessed
through purification warrant
further SDS-PAGE and protein
unfolding experimentation at
increased Haspin content.
Though at low concentrations,
both homologues exited at 275
nm were shown to respond in
direct correlation with the
fluorescence radiation intensity
of the λ max found at 303.5 nm
as well as a broader peak at
~380 nm.
to Haspin as well as DNA, which are both electrostatically negative. Km to
H3 of both WT and I698R Haspin kinase are next to be investigated. As
shown in Table 2 and Figure 5a, I698R Haspin kinase had a slightly higher
Kd, however, not outside of reasonable error. It may be concluded that the
I698R mutation does not significantly effect and/or interfere with
nucleotide binding.
